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Schedule

*11:30-12:00 - Introduction to Portfolio

*12:00-12:30 - Overview of Standards & related efforts
*12:30-1:30 - Lunch

*1:30-2:15 - Overview of Management & Analysis tools
« 2:15-3:00 - Unstructured Data

* 3:00-3:30 - Discussion & Questions

* 3:30-4:00 - Break

*4:00-4:45 - Asset Score

*4:45-5:30 - Home Energy Score

* 5:30-6:00 - Wrap up & Discussion (REVIEWERS ONLY)
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Overview of the Day

Part 1: Program Overview (11:30 - 11:50)
— BTO’s View of the Market & Portfolio Criteria Overview

Part 2: Standardization (11:50 - 12:30)

— BEDES, BuildingSync/HPXML, UBID, Brick
Lunch (12:30 - 1:30)

Part 3: Tools & Analytics(1:30 - 2:15)

— SEED, Audit Template/Asset Score, BPD, EDV

Part 4: Future Direction & Investments (2:15 - 3:00)
— AirBEM, Unstructured Data
— Increasing velocity of data generated
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Who am |?

 B.A. in Geography with GIS minor - GWU

 Master in Environmental Science & Management -
Bren School, UC Santa Barbara

— Thesis: Developed a business model around EE & water
iImprovements for low income multifamily housing.

* Southern California Regional Energy Network Project
Manager - The Energy Coalition

— Worked with local public agencies providing turnkey
energy efficiency project delivery services.

* Data Infrastructure Fellow - Building Technologies
Office
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What are we talking about?

U.S. DEPARTMENT OF ENERGY

Director
David Nemtzow

Emerging Residential Commercial Appliance/Eq Building
Technologies Buildings Buildings uipment Stds. Energy
Program Program Program Program Codes
Manager Manager Manager Manager Program
Karma Sawyer || Joan Glickman Amy lJiron John Manager
(Acting) (Acting) Cymbalsky David
Nemtzow
(Acting)

Building Energy Data
Sub-Program (~$3.5m FY19)
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Mission & Goals of the BED Sub-Program

Vision
— Data serves as the starting point for working toward a more efficient,
equitable, affordable, and resilient built environment.

Mission
— To provide a freely available network of tools and resources, built
upon standards, that enable the fluid exchange of building energy and

attribute data in order to better achieve energy efficiency savings in
the built environment.

Goals

— Develop a network of interoperable tools on which the private sector
can build specialized services.

— Collaborate with stakeholders to produce easily-adopted standards
and exchange specifications to promote interoperability.

— Deliver products which enable planners, owners/investors, utilities,
regulators, and others to make better informed strategic decisions.
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What to Watch For:

Scope: Does our area of work make sense for BTO?

Impact: How much of the market are we affecting?

— Working across commercial & residential, major state &
local governments

Coordination & Collaboration: How well are we
engaging with stakeholders?

— Industry partnerships, government, non-profit, etc.

Metrics: Are we showing appropriate improvement and

growth rates?

— Adoption is increasing, usership is growing alongside
market penetration

— Tools are incorporated into programs and policies at an
accelerating rate
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Part |: Introduction & Strategic Overview

The Market Through BTO’s Eyes
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Part |I: Agenda

Some definitions and examples

 Modeled vs. measured, etc.
* Use cases for different types of data

Issues

* Availability

e Standardization
* Provenance

Role of government
Current and future program
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Ground Rules: Data is measured, not modeled.

Measured data

 Observations
* Use cases: benchmarking, inputs for modeling (black box or white box)
* Issues: collection, “quality”, provenance, privacy, standards

Not dealing with modeled “data”, i.e., modeling
outputs

 Measured data + assumptions + calculations

* Use cases: what-if analysis (optimization, planning), normalized
calculations (codes, ratings)
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Types of Data

“Static” (relative to use case) = typically interpreted as
assets/operations

High-level - location, use-type, floor area, system type, operating hours, setpoints
Detailed - geometry, constructions, equipment, lighting, schedules, sequences
“fixed” for analytical purposes = can be a time series, can be stochastic

“Dynamic” (relative to the use case)

Energy use

Indoor/outdoor conditions - temperature, humidity, lighting levels, CO2, air-
quality, wind, solar, etc.

Momentary system state - equipment on/off/PLR

Other relevant variables - occupancy, occupant behavior, etc.

(Raw) time series or aggregation/reduction

Temporal resolution

Granularity/frequency: instantaneous - 30-sec 2 15-min = hr - day = month
- year
Range/duration (> granularity)
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Spatial Resolution

Applicable to both static and dynamic data
“Building” - is there an unambiguous definition?

Smaller than a building

* Tenant Suite = Zone = Circuit/Space = Occupant/Person = Sensor/Control-Point
* End-use System - Sub-system/component = Sensor/Control-Point

 Same granularity/range concepts as temporal resolution

Bigger than a building
* District > City = State = Region = Country
* Portfolio - may or may not be geographically contiguous or connected by systems

Some things (e.g., meter) can be both bigger or smaller than a building

How small or big makes sense?

U.S. DEPARTMENT OF ENERGY  OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY




Example Applications & Use Cases

ESPM & BPD - benchmarking
» Country: Building = [HL assets, HL operations, annual energy-use]
» Spatial range: spatial granularity = [data descriptors]

BayREN BRICR - retrofit program-planning, screening
» City: Building - [HL assets, HL operations, monthly energy-use]

Asset Score - rating, retrofit recommendations
* Building: Building > [detailed assets]

Qcoefficient > MPC

* Building: Subsystem = [detailed assets, 15-min energy-use, 15-min zone-
conditions]

URBANopt - district master-planning, district system design
* District: Building - [HL assets, HL operations, 15-min energy-use]

Which use-cases are most important to DOE?
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Issue: Collection & Availability

| Pupie | Pivae
ESPM . AMI
High-level asset/operation Y Y
Detailed asset/operation Y Y
Annual/Monthly Energy v v v
Use
15-min Energy Use Y Y

15-min Subsystem Energy
Use

15-min HVAC State/Zone
Temp

<

What data is collected? What applications does it support?

Publicly available data is mostly high-level asset/ops & annual/monthly energy use
*  Applications limited to benchmarking & screening

Higher-resolution data must be manually collected & fused
*  Some private-sector platforms, e.g., Lucid BuildingOS
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Issue: Standardization

Dictionaries
 Names for terms, values and temporal/spatial aggregations/reductions
 Examples: BEDES (building elements), Haystack (sensor/control “points”)

Schema and model views

e Structure and relationships

* Examples: HPXML, BuildingSync, IFC/BIM, gbXML, Brick, CityGML,
EnergyADE

 Minimal requirements for specific use cases
e Dictionary : Schema :: BEDES : BuildingSync

Indices
 How do find/match a record in a database?
 Examples: address, Lat/Long, UBID
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Issue: Provenance & Provenance

Upstream - quality < where did this data come
from?
 How accurate is it? How complete? How frequently updated?

* Is it self-reported? Is it curated? Are there QA practices or
measures”?

Downstream - terms of use/privacy < who is allowed
to do what with this data?

* Are there restrictions on use? Publication? Redistribution?
* Are there anonymization/privacy measures?

 (Can the data be matched/mashed with other data?

e Sensitivities & PIlI? Mosaic Issue?
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Role of Government

Which issues are most significant - availability, standardization, or provenance?

*  Where can government play a meaningful and proper role?

1. Standardization

* Clear need, market clamoring for solutions

* Traditional role for government or similar, no competition with private-sector
* Supports the greatest number of use cases 2> biggest bang for buck

2. Collection & upstream provenance

* Open-source standard-compliant tools for reliable/accurate data collection (for some kinds
of data)

* For some kinds of data and use-cases = avoid private-sector competition

* Data collection = availability - standard-compliance = uses - more data collection
(virtuous cycle)

3. Publication & downstream provenance

* Very limited activity here - emphasis on supporting research use & protecting privacy
* Perhaps encourage others to publish data, but not mandate or do it for them
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Discussion

Until 12:00
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Part ll: Standardization

Reducing Transaction Costs and Increasing Accessibility
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Part ll: Agenda

- BEDES
- BuildingSync/HPXML
- UBID

U.S. DEPARTMENT OF ENERGY  OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY 20



Standardization Strategy

HOW STANDARDS PROUFERATE:
(<66 A/C CHARGERS, CHARACTER ENCODINGS, INSTANT MESSAGING, £TC)

W7 RiDICULOLS! SOON:
WE NEED To DEVELOP
SITUATION: || JE JERAL SO || SiTuATION:
THERE ARE || USE CASES. vy THERE. ARE
M COMPETING ||\~ || 15 compemiNG
STANDPRDS. STANDPRDS.

)
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Critical Elements of Standardization

Stey

E}BUILDING &
.E%BEDES 2 E

SYNC - -

BUILDING ENERGY DATA
EXCHANGE SPECIFICATION U.S. DEPARTMENT OF ENERGY
K .

Dictionary of Schema to Index to
Terms & NEREEE identify

Fields relationships records
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Dictionary: BEDES

BEDES is a collection of terms and definitions designed to facilitate the
sharing of building characteristics and energy data among data
collection and analysis tools/activities more easily, consistently, and at
lower cost.

Use BEDES as a “rosetta stone” to merge and exchange data across
disparate datasets, e.g. property database, energy data, O&M data, etc.

Many to Many
l'/; Ve[ ac () N D
A L€ ) ( A j—| A-BEDES \
A /\ _/ __/ \ C-BEDES (-—-c\c /I
A-D T
( \
e oo ( -_—aeoes-__ )
B-C o
) 7\
A \ 8 J—| B8EDES D-BEDES 1—( O )
/ \ { J
(8 J—| 8D} D) - —
N N

bedes.Ibl.gov

N\

BUILDING ENERGY DATA
EXCHANGE SPECIFICATION

%BEDES

‘E
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BEDES Adoption

Over 30 organizations and applications have initiated or completed BEDES compliance

energyOrbit m ~*
|||HNYCEEC * gy© @) seattie  [fISoCalGas H!
| BEDES Compliance

BAY]EEN (// maalka S_DGE * Publish mapping

e Use BEDES in
- GRESB

e “(Il\b‘\!l‘::;[]"si(l ,’ RESO data import/

‘ Revalue.io
v

200 Py e MCE export templates
JJ0

Ja0 PO SO VIEW | ovamic cisss * Use BEDES for
GBCI  SFEmvironment =& PortfolioManager multi-application

Southern California ¥

REGIONAL ENERGY NETWORK .5. %rda
-
< Oy

Energy. Innovation. Sclutions.

ENERGYSAV! h
pxml # NewYorkPower
X7 2030 Design Data Exchange & Authority

data exchange

%BEDES

' BUILDING ENERGY DATA
EXCHANGE SPECIFICATION

‘E
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Coming Soon: BEDES Mapping Manager

An open-source tool to develop, maintain and use
BEDES mappings

BEDES
. Create/edit BEDES [
Mapping 'Searoh for BEDES torme.
User Interface Request new BEDES terms A
5 BEDES
Mappings
Retreive BEDES mappings I Data base

Retreive BEDES terms and definitions

Third Party
Applications

’ BEDES

BUILDING ENERGY DATA
/o EXCHANGE SPECIFICATION

.!

U.S. DEPARTMENT OF ENERGY  OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY 25




BuildingSync: Barriers

Engineers EE Software

Developers

Industry

RcX auditors L
Associations

Architects

EEauditors  owners __ Residents

Problem Statement:

Building

There are ma ny consumers of Associations » RcX recomendations Researchers
commercial building data P Occupary i Nonpofts
’ y Schedules
: SEED , —
including auditors, engineers, Peecron § ASHRE W Do B
. . < ——p> Energy Star i 5
deSIgnerS, operators, inspectors, : T ::t';%:'s"egs ASHRAE | §>‘
researchers, etc. The data are N ] 4 8audls g 7 g
. . . . a lling data eo-coding ' p
typically provided in varying ENERGY | T GOVERNMENT ‘.‘E.
. ) .. SUPPLY SECTOR 'z  Aggregated 11D _ SECTOR &
formats with varying definitions. b ErergyData o St g g
. . . L ighting audits S o
This lack of standardization limits EE Progam  emm Tax Assessor
th d .t ’ f I Managers . “"\ ; City Manager
€ data s Usetuiness. Benchmarking N;%C;Ty“sr;g/ ‘ W9eeaufe> Open Data Manager
Managers / Federal Compliance Reviewer

Smartmeters/loT  Grid Operations vy  Agencies City Inspector

D ZURNe

U.S. DEPARTMENT OF ENERGY
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What is BuildingSync?

* A common file format for Various/Different Building Energy Analysis Software
energy audit data to with Different Formats and Structures

streamline reporting and ‘ 6 \

data transfer ; . .
] Facilitates communication E : ‘ —— Eazleraggregatlon
° D|reCted by DOE and between software Export/import in BuildingSync format ana exchange
developed by NREL L ——_—
_ T BuildingSync Schema
° BUlIt on BU”dlng Energy standardized language for commercial building energy
audit data that software developers can use to exchange
Data EXChange data between audit tools
SpeCification (BEDES) Built on BEDES
* Covers ASHRAE Standard BEDES Definitions
. h dard d inology defined in the Buildi
211 audit levels, bEQ oy oos g e By

« ASHRAE TC 7.6 - Building
Data Exchange

Provides a basis for
comparing results across
software tools

D ZURNe

U.S. DEPARTMENT OF ENERGY
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BuildingSync: Adoption

BRICR

BayREN Integrated Commercial Retrofit uses

WORKFLOWS informaion rlaed to uiking retrfit and

results from OpenStudio modeling software.
/_‘\.
/.\ (@) SEED Platform

SEED is able to import and

export BuildingSync files. Known
fields in BuildingSync can be
FEMPs Compliance &/ edited in SEED.
Tracking Software can
accept BuildingSync for
reporting audit results. B ui I d in gSyn c® A

FEMP CTS

Yo .
Translating data into \ /JAudIt
meaningful and exchangable ~ Template Tool
information DOE's Asset Score Audit
Template Tool can import
and export BuildingSync
A web application was files
developed using BuildingSync '
as the exchange mechanism

b
| Setween ctaled buing 4 ASHRAE Standard 211
- | an d b E Q

Analysis Framework to run
calibrations and parametrics. “— ASHRAE’s Commercial Building Energy
Auditing Standard recommends the use

LL87 of BuildingSync for data exchange. A tool

was developed to convert Standard 211's
New York’s Local Law 87 requires spreadsheet to BuildingSync. ASHRAE's
BuildingSync files to be generated for bEQ is also adding support for uploading
their benchmarking policies. BuildingSync files.
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Unique Building Identification

The lack of a standardized way to identify buildings makes it difficult to accurately
associate data with a specific facility, creating a barrier to effective asset
management, research, and analysis.

Where the current address system breaks down:

« Different address abbreviation, e.g., st or street; ave or avenue;
apt or #;

 Simple misspellings or incorrect addresses

* Large buildings with multiple entrances and possibly multiple

addresses m
=
- o Py
g ——3CRICRICR R0 in ] 92
~ &
: : {1 =
Assessor Database : Covered Buildings =
CoStar Data : — =
<
Q
>
CBL VS. ESPM o
123 Main St or 123 Main Street a

456 5t Street or 789 Central Ave.

Tax ID 5578 or Tax Lot 5577
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Unique Building Identification

I Grid Reference System

.“

e <o

©

\[
Qage ' 3
o . L AWAR o o
. NES]
i P
:

Vit
B0 L NGTON Ronald Reagar v
mgm" CARD LA . Washington
Natona

Grid reference systems identify locations using Cartesian coordinates to delineate regions of the map. UBID uses Open
Location Code by Google Zurich (http://plus.codes) to identify the location of the center of mass of a shape.

Step 1 A, Step 2

UBID Methodology
Step 3 w  Stepd 1. Determine shape of footprint.
2. Calculate center of mass of shape.
3. ldentify grid cell that contains center of mass of shape.
4. Measure extent of bounding box for shape using grid cell.
5.  Write UBID string: 87C4AVW7W+JWH-12-15-9-9
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http://plus.codes/

Unique Building Identification

Building Energy Data Analysis Accelerator
® Launched at 2018 Better Buildings Summit

® Goal: field validation for UBIDs; identify and create solutions for implementation
barriers; quantify benefits in terms of energy saved, program efficacy, and
operational benefits.

Pilot Partners:

Association for Energy California Energy Commission Commercial Real Estate Data

Affordability Alliance (CREDA)

District of Columbia Institute for Market Miami-Dade County, FL
Transformation

Saint Paul, Minnesota San Francisco, CA San Jose, CA

U.S. Environmental Protection  U.S. Green Building Council Telecommunication Industry

Agency (EPA) Association (TlA)
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Discussion

Until 12:30
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Lunch

Reconvene at 1:30
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Part lll: Tools & Analytics

Turning Data into Information
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Part lll: Agenda

« SEED
 Audit Template/Asset Score

* Building Performance Database (BPD)
* Energy Data Vault (EDV)
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SEED Platform

 Open source database for

building energy & attribute i
data e
 Data management back- —— - R
end hub for BTO tools ) m——
portfolio M o - o
DATA SOURCES AGGREGATION OTHER TOOLS

PLATFORM

:na(:]:: !! SEED P ~ }.\. BPD
KB .-
o

BUILDING PERFORMANCE DATABASE
D PLATFORM<

Property Tax

records
xO

- ¥ A O 8
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SEED Platform as a Platform

150,000
125,204
100,000
w
g
£
=]
2]
S
3
E
3
Z 50,000
0

Commercial Building Benchmarking Residential Building Audits Commercial Building Audits
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SEED Platform as a Platform

3" Party OpencEfficiency X I:IEI:I),(,
Applications e Suing. |
N A BRICR
g:dP: ;’gll il;lgs’(t)izg ‘ SySTews »:‘% earthadvantage
. FR&®
Providers G cLearLveneray R@ZI?\EIQI?YR open

T
2 SEED

= PLATFORM
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SEED Platform as a Platform: City of SF

 SEED pull data from Portfolio
Manager
* User manages records in SEED
F e AT * Open Efficiency Platform
Portfollol\/lanagero pushes/pulls data from
l Salesforce for each
organization
* Actively working on connecting

!! SEED Audit Template data using
2

PLATEFORM BUIldlngsynC

Server

salesforce
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Audit Template

e Standardizing inputs and outputs

— Align with new development of industry standard nowmster, st ulc R
(ASHRAE Standard for Commercial Building Energy Audits) T enerey Auits
- Leverage built-in capability for data quality control ErE e Ao,
— Automating error checking ,
— Verifying required fields ASHRAE

_ _ 8 Level 2 Input
— Easy access to previously entered audit reports

1
1
1
- -
7 4
4

— Easy sharing and transferring building records Ny
|E‘ﬂsé$<§§£
e Seamless data transfer to other tools 0

U.S. DEPARTMENT OF ENERGY

— Integration of BuildingSync XML allows for seamless data
transfer (SEED, third-party tools)

Other Tools
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Audit Template

4 )

BUILDING ENERGY

ASSET
.I@’assm

U.S. DEPARTMENT OF ENERGY

Input Mode & Auditors

1. Choose City Template

Database 2. Perform Audit

csy 3. Submit

----- PDF
* PLATFORM BX XML

U.S. DEPARTMENT OF ENERGY

City

Dashboard

Private Sector Mark Compliance

Energy Efficiency
Tools and Programs Download Reports

Track Progress
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BUILDING ENERGY
AUDIT DATA REPORT

Existing templates:

New York City (official)
San Francisco (official)
Atlanta (official)

Los Angelus (pilot in June)
BRICR (ongoing)

ASHRAE Level 2




SEED Platform as a Platform: City of SF

h ENERGY STAR®

&2 Portfoliolanagere

l

a!! SEED

PLATFORM

Server

L 4

J ¢OpPeLnAETfFchRisncyl4 & salesforce
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SEED Platform as a Platform: City of SF

Incorporating the Audit Data workflow

* User manages records in SEED - can merge
benchmarking data from ESPM with
BuildingSync files in one place

ENEHGYSTAR; ~* Open Efficiency Platform pushes/pulls data
P0rﬁ0|I0|V|anagef° from Salesforce for each organization

l

BUILDING ENERGY

abERE &7 ASSET
4

E h SEED ‘ U.S. DEPARTMENT OF ENERGY ‘. JSCORE
E g_ - PLATFORM AUDIT TEMPLATE
GJ | B & U.S. DEPARTMENT OF ENERGY
—

J OpenEfficiencyl4 & salesforce

PLATFORM
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Building Performance Database

 The nation’s largest publicly-accessible dataset of information about the physical
and operational characteristics of real buildings.

 Use BPD to compare your building’s energy performance to customized peer
groups

Over

o 0
B L falslz]

1 Million

Current Dataset b U I |d I n gS

MA Office

12%

8%

4%

Compare
0% -
0 250 500 750 1,000
¥: percentage 3 ¥ Source EUI (kBtu/sqft/year) Ble i O Rl HisToGRAM © DATASET1 @
Site EUI (kBtu/sqft/year)
Electric EUI (kBtu/sqft/year)

Floor Area (sqft)

1200 ° ;ear:um( peopl 2. @ Current Dataset
; ! umber of People
S Occupant Density (People/1000 saft) CA Office Constant Volume
Operating Hours
1,000 | Energy Star Rating 15% *You have unsaved changes m DELETE
LEED Rating
. "
Bop —-8—s Climte one < Bullding Classification *
State 7.5%
Cod. e
Site Vfav < Building Information
o Electric Year o m = m
400 '\ L] . Fuel Year

_ Energy Use Intensity

e o %7 A . 3 ¥: Percentage X: Source EUI(kBtu/squy. []LogScale i i BEANNEEE [, J1lloa T
500,000 "_ ®e 1,000000 ®* *_.1,500,000 * , 2,000,000 2,500,000 3000000
- P 2 ,10/8
TTER PLOT @
Current Dataset
500 | CA Office Variable Volume
.
FloorArea  Count Mean Standard 0 25th 50th 75th 100th DY o:.er: |
Deviation Percentile | Percentile Percentile Percentile Percentile 400 . loe . L |
.
h g . . . . < Bullding Classlification
Summary 476 | 1767 136.403 3378 109.04 162.864 211.495 1234.788 2 .® s . |-

< Building Information
< Bulilding System

< Energy Use Intensity
130 140 150
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BPD Makes Data Available to a Broad Audience

Inputs: The BPD

e Large dataset
of actual data
from real
buildings

== ENERGY STAR®
[ENERGY STAR]

.

Portfolio/\lanager

Gz pASEED

PLATFORM

_/

-

e Assess EE
opportunities

e Forecast
project
performance

e Quantify
performance
risk

» R =

J

-

e More energy
efficiency
projects
undertaken

e More data on
EE project
performance

Value for decision-makers (e.g., building owners, policy makers, service
providers, financial and research institutions, utilities, program

administrators):

Analyze peer groups defined by geography or building-specific factors
e Regional markets

* Specific building or equipment types
 Range of energy use intensities
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BPD Users

Analysis tool API licensees

>60 API licensees

lucid
tergywafch . UCI

Vaam
== teENErgy

> 13,000 unique users since inception .~ Coalition
 ~100-150 user sessions per week

 Referenced in ASHRAE 211 Standard
for commercial building audits

* Referenced in ASTM draft standard for
property condition assessments
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Energy Data Vault

- Customer energy data (particularly 15 minute data) is very
sensitive, utilities guard it closely

- Need to evaluate performance and design, test, and
compare new algorithms

- EDV will investigate:

- New privacy protection models to enable energy data access without needing
explicit customer consent due to protection of PlI

- Synthetic smart meter data to evaluate algorithms

- Energy savings calculations, non-routine adjustments, non-routine event
detection, outlier rejection

- Provide a standard environment for researchers to develop, test, and deploy
algorithms

- Connect to public/non-protected test data-sets for development
- Connect to private/protected data-sets for operational deployment
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Energy Data Vault

Protected Prc?te.cted \ BULDING
Smart _ BuildingSync l..!, SYNC
Meter Data Audit Data U5 DEPARTMENT OF ENERGY
Non-protected Outputs End Users
Algorithm * * Calibrated Model
Under Test Predicted Savings
docker
N EDV * Normalized Metered
r# CALTRACK (—> —»  Energy Consumption
el L — Savings Estimates
Q‘g (& — = * Error Metrics
OP = N RMSE NMBE
5
|
Synthetic Smart u' & . FLEXLAB Other Public —
Meter Data m’g EWQ inwwlessnae® | Test Data ( ) SMUd
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Discussion

Until 2:15
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Part IV: Future Direction & Investments

BED Subprogram Roadmap

U.S. DEPARTMENT OF ENERGY  OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY




Part IV: Agenda

 Consideration of Market Movement
— New tech, risks, and a lot more data

* New FY18/19 Investments

— Brick Schema
— AirBEM
— Unstructured Data
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Market Movement

New technologies are emerging: Al, ML, Blockchain, etc.
High-level risks: Cybersecurity & Privacy

: . Global Machine-to-Machine Growth
New data bemg generated' (Source: Cisco VNI Mobile 2019)

— MELs
— “Internet of Things”

— Increasing M2M connections 7
+ 32% CAGR (2017-22) ‘m B I

New market aCtorS: " 18 2019 2020 2021 2022

— When your home can be controlled by your Alexa, or your
Nest, what does that mean for utility demand response
programs?
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Role for BTO

Given Market Movement, BTO will focus on:
— Continued work on Standardization
— Interoperability (Session Tuesday at 2:30)
— Miscellaneous Energy Loads (Session Tuesday at 2:00)
— Leveraging new & unstructured data sources
— Data to enable grid-interactive efficient buildings (GEB)
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Brick Schema + Structured Metadata

(Feb. 28, 2018) — The ASHRAE BACnet committee, Project
Haystack and the Brick initiative announced they are actively
collaborating to integrate Haystack tagging and Brick data
modeling concepts into the new proposed ASHRAE Standard
223P for semantic tagging of building data.

Demand Participatory
APPS Response FOD Feedback
Manage APlIs Monitoring Data storage
Brick
Motion Sensor HVAC Room

Infrastructure o
Luminaire Thermostat Floor
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Brick Schema + Structured Metadata

Goal: “Succeed fast” in the controls space by:

 Mappings and translations for control applications.

e Application-informed schema development, alignment, and standardization.
« Schema management tools.

* Partnerships and technology transfer.

Demand Participatory
APPS Response FOD Feedback
Manage APIs Monitoring Data storage
Brick
Motion Sensor HVAC Room

Infrastructure o
Luminaire Thermostat Floor
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Brick Schema + Structured Metadata

Complimentary BTO projects:

e BEDES e Spawn
e BuildingSync * Open Building Control (OBC)
e Alfalfa/BOPTEST
e VOLTTRON
Demand Participatory
APPps Response FOD Feedback
Manage APlIs Monitoring Data storage
Brick
Motion Sensor HVAC Room
Infrastructure

Luminaire Thermostat Floor
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AiIrBEM

 UAV-based envelope auditing procedure

— Goal: to be within 5% of an EnergyPlus model using
current best practices for envelope heat/loss simulation.

— Goal: reduce ASHRAE 211 detailed envelope inspection
audit time by 60-75% (1-4 hours for 100k ft2 building) and
generate a BEM report in 1-3 days that shows retrofit
opportunities that save 5-30% on monthly energy spend.

 Approach

— Use off-the-shelf ready photogrammetry software to
generate 3D surface and thermal models of buildings
from geocoded visible and IR spectrum remote sensing
technologies.

— Computing contained on board UAV.
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Unstructured Data

 Develop automated approaches to determine building
characteristics and efficiency opportunities using
unstructured data from a subset of three categories:

— Public data - disclosure and permit records

— Imagery - RGB (Red, Green, Blue), thermal and LIDAR
(Light Detection and Ranging), acquired via satellite or
aerial methods (airplanes or drones)

| 4

— Meter and weather data Data Sources: Features
* Opportunity Analysis: Which EEMs "

are identifiable from what data

sources? - &

Tools: white

- PrOCeSS Map EEMS 9 Data EEM: add roof box simulation

insulation and meter

Source - Feature = Tool 9 enalyics
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Summary & Review
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Summary & Review

 BTO’s Role: standardization, interoperability, provenance

* Future:
— Automated data processing
— Automated point-mapping with well managed metadata
— Geospatial anchoring for indices via UBID

— “Sliding scale” for spatial granularity of data & nested
analyses across tools

* i.e.: country - region - city = district = building - floor
- room > system = endpoint

— Heavy lifting for analysis, computing, etc. is private sector
service
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Discussion

Until 3:30

Thank You
Harry.Bergmann@ee.doe.gov
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